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(多系統萎縮症の被殻におけるNLRP3インフラマソームの免疫組織学的検討) 
（論文内容の要旨） 
Multiple system atrophy (MSA) is a progressive neurodegenerative disorder 
characterized by parkinsonism, ataxia, and autonomic dysfunction. There is 
currently no specific treatment for MSA. Reasons for dopaminergic therapy 
failure in MSA are attributed to degeneration of postsynaptic neurons in the 
putamen, projective fiber loss from the nigra to putamen, and neuronal loss 
in the substantia nigra. To overcome these problems, the pathomechanism 
of degeneration in the putamen of MSA patients requires elucidation.  
 In the putamina of MSA patients, there are glial cytoplasmic inclusions 
(GCIs), neuronal loss, microglial infiltration, and gliosis. GCIs are the 
hallmark of MSA pathology and its major component is α-synuclein in 
oligodendrocytes. Additionally, aggregated α-synuclein has been implicated 
in prompting microglia-mediated inflammation in MSA in both disease 
initiation and progression. These pathological features imply that 
regulation of microglial activation may be a therapeutic target for MSA. 
However, the precise relationship between α-synuclein aggregation and 
microglial activation has not been elucidated. 
 Recently, the inflammasome has been reported to link aggregation of 
pathogenic proteins and microglial activation in a variety of 
neurodegenerative disorders such as Alzheimer’s disease (AD) and 
Parkinson’s disease (PD). In particular, the nucleotide-binding domain, 
leucine-rich repeats-containing family, pyrin domain-containing-3 
(NLRP3)-related inflammasome is related to the neurodegenerative 
processes of abnormal protein accumulation. These abnormal proteins, 
including β-amyloid and α-synuclein, stimulate invasive microglia. The 
NLRP3 inflammasome complex consists of NLRP3, apoptotic speck protein 
containing a caspase recruitment domain (ASC) and cysteine aspartic acid 
protease 1 (Caspase 1). Various signals through the Toll-like 
receptor/nuclear factor-κB (TLR/NF-κB) pathway recruit NLRP3 
inflammasome-related proteins into the NLRP3 inflammasome complex, 
leading to the transcription of pro-IL-1β and pro-IL-18. This results in the 
generation of mature cytokines IL-1β and IL-18. Regulation of the NLRP3 
inflammasome may alleviate neuroinflammation and neurodegenerative 
processes in AD and PD models. However, the understanding of 
inflammasome activation and its relationship with GCIs, microglial 
infiltration, and gliosis in MSA patients is limited. 
 This study reports the relationship between NLRP3 inflammasome-related 
proteins and microglial activation in the putamen of MSA patients. 
Single-labeling immunohistochemistry staining of the posterior putamen in 
post-mortem brains from 11 cases of MSA, five of PD, and six age-matched 
controls (CTL) were assessed. In MSA cases, this study found that the 
density of microglia expressing NLRP3 inflammasome-related proteins was 
increased and was significantly related to the deposition of phosphorylated 
α-synuclein (p-Syn)-positive glial cytoplasmic inclusions, tyrosine 
hydroxylase (TH)-positive fiber loss, and gliosis of glial fibrillary acidic 
protein-positive astrocytes. Moreover, the ratio of cells expressing NLRP3 
inflammasome-related proteins tended to increase in the microglia of MSA 
patients. Morphologically, these immunopositive microglia had relatively 
large, round cell bodies which were compatible with rounded amoeboid 
microglia. Double-labeling immunofluorescence staining confirmed 
colocalization of NLRP3 inflammasome-related proteins and Cluster of 
Differentiation 68 (CD68) in MSA. 
 These pathological results indicate that the NLRP3 inflammasome plays a 
crucial role in microglial activation and infiltration in MSA. The findings 
suggest that microglial activation and IL-1β pathway activation can be 
attributed to aggregated α-synuclein, and also associated with neuronal loss 
and gliosis in the putamen of MSA patients, as neuronal injury and 
degeneration activate astrocytes and induce gliosis. The degree of microglial 
infiltration and upregulation of inflammasome-related proteins were also 
related to TH-positive fiber loss. 
 This study proposes that abnormal α-synuclein activates microglial NLRP3 
inflammasome leading to IL-1β release, microglial infiltration, gliosis, 
axonal damage, and neuronal death in MSA. Thus, regulation of microglial 
NLRP3-inflammasome activation could be a potential therapeutic target for 
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